Using a tetrahedral tip as a probe, it is possible to combine the techniques of scanning tunneling microscopy (STM) and scanning near-field optical microscopy (SNOM) in the same probe tip so that the probing of the respective near-field interactions occurs virtually at the same spot of the tip. Atomic resolution on pyrolytic graphite and stable images on rough samples are routinely obtained in the STM mode. In the combined SNOM/STM mode, an absorption contrast in the optical image is obtained with images of evaporated silver films on glass as well as of silver deposited on an indium tin oxide substrate. We obtained a point-to-point resolution of 6 nm, whereas the edge resolution is about 1 nm.
INTRODUCTION
Metal-coated, tapered monomode fibers with an aperture in the metal film at the tip are frequently used as a probe for scanning near-field optical microscopy (SNOM). 1 It is, however, not necessary to use an aperture as a probe, as was shown in previous experiments, where a small metallic protrusion from a thin metal film 2 or even completely opaque tips [3] [4] [5] were used as probes for SNOM. The tetrahedral tip was introduced as a new type of an apertureless probe for SNOM. 6 The glass body of this tip is the corner of a triangular glass fragment. The three adjoining faces, two of their edges and the tip itself are coated with a gold film of 50 nm thickness in a coating process in which the third edge is expected to remain uncoated. 6, 7 Scanning electron microscopy (SEM) micrographs reveal a granular structure for the gold film with grain sizes on the order of 20 nm, and show that some gold is also deposited on the third edge. 8 With the tetrahedral tip as a probe, we obtained previous SNOM images of a nonabsorbing dielectric test sample in an inverted photon tunneling microscope configuration at 30 nm lateral resolution. 6 We showed in separate experiments that the same tip can be also used routinely as a probe for scanning tunneling microscopy (STM) at atomic resolution. 9 Here we present data obtained by operating a tetrahedral tip in a simultaneous STM and SNOM mode in order to explore the resolution limit of our optical signal. The tunneling current is used as an independent signal to control the distance between tip and sample during a scan as was also previously done by Dü rig et al. 10 
THE MICROSCOPE
The SNOM as shown schematically in Fig. 1 was constructed on the basis of a commercial beetletype STM. 11 The tetrahedral tip made of cover slides is glued in this case onto a 3-mm prism that is attached to a small mounting device (MD) that fits into the socket on the central piezo element normally holding the STM tip. An electrical connection (C) is made from the gold coating of the tetrahedral tip to the socket with a conductive glue. One face of the prism is coated with aluminum and serves as a deflecting mirror (R) in order to feed in a light beam from the side. The tip is irradiated by projecting a fourfold demagnified image of a 20-m pinhole (PH) into the tip. For this purpose, light from a laser diode (LD) operating at 635 nm at an intensity on the order of 1 mW is focused by means of a lens (L) onto the pinhole. A further iris diaphragm (D) limits the aperture of the objective lens (O). A polarizer (P) is used to select the desired polarization of the irradiating light. The total intensity guided into the tip is on the order of a few hundred microwatts. A light microscope is used to detect the light transmitted from the tip through the sample. In the image plane, the tip is masked by a 200-m pinhole in order to reduce the background signal originating from stray light. A transmitted light signal on the order of 0.01 to 1 nW can be detected by a silicon photodiode (PD). The microscope can be operated in the STM mode as well as in the combined SNOM/STM mode, where the STM signal can be recorded simultaneously with the transmitted light signal used as the SNOM signal.
RESULTS OF THE COMBINED STM/ SNOM MODE

SILVER FILM ON GLASS
The sample for our first combined STM/SNOM experiments described here was an evaporated silver film of 50 nm thickness which had an optical transmittance of about 1%. Figure 2 (a) shows a differential STM image of a 50-nm thick silver film as obtained with the tetrahedral tip. The individual silver grains with a typical size of 10 to 50 nm can be clearly recognized. Fig. 2(b) presents the simultaneously obtained SNOM image. The silver grains can be clearly identified. Different grains show a different transmission and the absorption by the silver grains correlates roughly with their thickness as determined from the STM image. One might suspect that the difference of the SNOM signal for different grains is due to a convolution between the STM image and the SNOM signal. It is conceivable that the variation of the SNOM signal might be due to variations of the distance on the order of a nanometer which could occur in a scan process where the distance is controlled by the STM mode. However, we observed no detectable change in the optical signal due to such small changes. The SNOM signal always increased gradually when the tip was directed to the silver film from a distance of 150 nm to within STM distance control.
In the SNOM image, a separation of maxima and of minima as small as 6.4 nm and 8.6 nm, respectively, are observable as shown in Figs. 3(a) and  3(b) , where line profiles are indicated by oppositely oriented arrows in Fig. 2(b) . Separate silver grains of a diameter and a distance of 10 to 15 nm were also observed, with high contrast in images taken from a different silver sample with a tetrahedral tip (data not shown). The imaging of minima and maxima of comparable separation of less than 10 nm in the SNOM signal corresponding to depressions and elevations in the topographic STM image shows that these separations correspond to a true separation and not to a convolution between the topographic structure of the object and the tip, where a depression between two maxima would appear as a narrower groove, and the width of an elevation between two depressions is determined by the width of the tip.
SILVER FILM ON ITO
We investigated particles of a silver film of a nominal thickness of 0.5 nm that was vacuum deposited on an indium tin oxide (ITO) substrate. ITO is a conductive and transparent material and is therefore suited for STM and SNOM examinations at the same time. Figures 4(a) and 4(b) present simultaneously obtained STM and SNOM images of the sample. They clearly show the grains and the grain boundaries of the ITO substrate. The lateral resolution determined from the distance of separated grain boundaries of the ITO substrate is around 6 nm, which corresponds to the lateral resolution obtained from the silver film as described above [see Fig. 2(b) ]. The contrast of the apparent ITO grains is inverted compared with the contrast of the SNOM image of the silver film on glass. The ITO grains appear bright whereas the boundaries appear dark. We interpret this as the result of deposition of the metallic particles at the grain boundaries of the ITO substrate. Consequently the boundaries of the ITO substrate may possess a higher absorption due to the silver particles, and the ITO grains which are free of metal may have a higher transmission. On bare ITO we never obtained images showing a comparable contrast.
DISCUSSION
From these results we conclude that our apertureless SNOM with the tetrahedral tip can clearly resolve two objects separated by about 6 nm, which was not shown previously with other SNOM instruments. The edge resolution and the full width at half maximum in the images is around 1 nm [see Fig. 3(a) ]. Other groups obtained similar values for the resolution in their SNOM images, which were, however, determined by different criteria. Betzig et al. 1 obtained with their ''aperture NSOM'' a full width at half maximum of 30 nm in the point spread function of a single image detail. With their scanning plasmon near-field microscope, Specht et al. claimed an edge resolution of 3 nm on a silver film similar to ours. 4 In their case, a hole was created with the STM tip to make a recognizable structure in the silver film. Their criterion for resolution was derived from the sharpness of the edge of this structure, which was about 30 nm in diameter. 
SCANNING NEAR-FIELD OPTICAL MICROSCOPY
Zenhausern et al. 5 reported the detection of features as small as 1 nm with still another type of apertureless near-field optical microscope.
The resolution obtained in the STM as well as in the SNOM mode is compatible with the assumption that a single grain of the evaporated gold film of a typical overall size of 20 nm acts as a probing tip and antenna. This assumption has to be verified by further experiments. A SNOM with a light-emitting antenna as a probing tip obviously does not require an aperture as a probing antenna, as was also shown previously. 2 We consider our method of irradiating the sample by a nanometric antenna, in contrast to a large-scale irradiation in the case of other apertureless SNOM configurations, 3-5 a prerequisite for obtaining high contrast for SNOM at molecular resolution.
To summarize, the resolution of SNOM using the tetrahedral tip is about 6 nm. This resolution can be obtained reliably and repeatedly on different silver samples. This possibly opens the way for SNOM at molecular and even atomic resolutions. With the tetrahedral tip we expect a low thermal load by a local excitation of the sample. Contrary to global illumination as used in photon scanning tunneling microscopes (PSTM) and for near-field optical configurations, as used by Zenhausern et al., 5 illumination by a small light source as presented here (or in the case of aperture NSOM) allows investigations of biological objects which normally are sensitive to high temperatures.
